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Great care should therefore be taken when comparing results obtained by different observers. The variation between observers measuring Vtg was significant and consistent but of much smaller magnitude than was the case for Raw, having a mean range of 12%. -- In the course of experiments (Lawther et al., in preparation) we have seen that there are significant and substantial inter-observer variations in the measurement of airway resistance (Raw) and thoracic gas volume (Vtg) by whole body plethysmography using the methods described by Comroe et al. (1959) . Significant differences in Raw as measured by two observers of the order of 0 005 kPa 1-1 s have been noted by Guvatt et al. (1967) . Experiments have also shown that there is a tendency to estimate progressively lower values of Raw in successive measurements (Lawther et al., 1973; Lawther et al., in preparation) . In a comparison of measurements of Raw obtained simultaneously by an automatic method and by an experienced observer (AB) it was shown that this tendency was more likely to be due to a perceptual error made by the observer than to genuine changes in Raw (Lord and Brooks, 1977) . The experiment reported here was performed in order to investigate more fully the magnitude of observer differences and to see if the decline between successive readings could be demonstrated with other observers. Since Raw varies considerably within individuals both during the day and between different days (McDermott, 1966; Zedda and Sartorelli, 1971; Hruby and Butler, 1975) , the comparisons reported here were made by recording the signals output from the plethysmograph and replaying them to each of the observers under test so that variations within subjects would be eliminated and so that each observer assessed Raw. and Vtg from identical signals.
Method
As part of another experiment (Lord and Brooks, 1977) , R,w and Vtg were assessed by constant volume plethysmography (DuBois et al., 1956a, b These prerecorded signals were replayed on to the two axes of an oscilloscope and were all passed through two low-pass filters to remove tape noise (cut-off at 14 Hz, 12 dB/octave). Care was taken with the calibration of the tape recorder to ensure that the replayed signal levels were as close as possible to the prerecorded levels. One of the five occasions for each of the 12 subjects was selected at random for replaying. The 10 successive values of Raw and Vtg were assessed by aligning a rotatable cursor parallel with the traces displayed on the oscilloscope screen and reading the slope of the trace from a circular scale. Raw was assessed between flows of 0 to 0 4 litres sec'1 in the inspiratory direction. From these slopes Raw, SRaw (specific resistance), and Vtg were calculated. All the estimates for a given subject were made successively by all the observers, whose order in assessing the readings was randomised so as to minimise the effects of any drift which might have occurred in the replayed signal levels (no drift was noticed).
The five observers were all members of the staff of the Environmental Hazards Unit. Observer AB was considered very experienced in this technique, having made thousands of measurements over 12 years. Observers PL and CB were very familiar with the technique, while observers JE and BB were less experienced and were given periods of practice before the experiment.
Results
The values of Vtg, Raw, and SRaw were examined for observer differences by analysis of variance. In all these analyses SRaw behaved in the same manner as Raw and so only the results for Vtg and Raw are discussed.
Both Vt. and Raw showed highly significant observer and subject differences (P<O001). The observer variations were systematic in that the rankings of the values obtained by the observers varied little between subjects (Fig. la, b) ; the means of the values of Raw and Vt. obtained by BB, AB, and PL were similar.
The mean values of Raw obtained by the different observers for each subject varied substantially, and the ranges of these were proportional to the overall subject means. The range, divided by the subject's overall mean, gave a measure of the observer variability independent of the level of Raw; its average value over all subjects was 37%. This variation was larger in the female subjects (43%/O) than in the males (34%).
There was a significant decrease in Raw between the successive 10 measurements on all subjects and over all observers. This trend (Fig. 2a) was caused by consistently high first readings in each set of 10, and when these were excluded from the analyses the trend was no longer significant. The high first readings in sets appeared to be true high values in the subjects rather than an observer error, as the same trend was found when these same sets from the tape recordings were assessed by an automatic method (Lord and Brooks, 1977) and the results analysed for reading number variations.
The measurements of Vtg showed less variation than Raw both between observers and with reading number. The variation between the different observers' measurements was also proportional to the mean Vtg of a subject, and the ratio of observer range to subject mean had an average value of 12% (Fig. lb) . No difference between these ratio values in male and female subjects was noted. There was a significant increase in Vtg with reading number, which over all subjects amounted to 0-1 litre between the first and last readings. This trend was barely significant when the first reading was omitted from the analyses. The effect of reading number was independent of the observer, and the trend was also seen in the values of Vtg made by the automatic method, indicating that it was a genuine increase in volume (Fig. 2b) .
Discussion
This study supports the findings in our survey work (Lawther et al., in preparation) in showing significant and substantial differences in Raw and Vtg as determined by different observers using the method of Comroe et al. (1959) . The values of Vtg were more consistent than those of Raw, and our results show that great caution should be exercised when comparing measurements of Raw obtained by different observers from normal subjects during survey and experimental work. We have no results for patients and subjects with high airway resistance, but since the variability in Raw between observers in our series was proportional to Raw we see no reason to doubt that similar variation would be observed in subjects with much higher resistances than those studied here. The consistency of the differences between the observers as shown by their nearly uniform rankings for Vtg and Raw with respect to subject and reading number indicates that they are per-Variation in the estimation of airway resistance and thoracic gas volume We cannot explain the higher consistency of the Raw determinations in the male subjects. In this study all the observers' means for each reading number followed the same pattern as that obtained by an automatic method (Fig. 2) . There was little evidence of a linear trend between successive readings of Raw once the first in the sets of 10 had been excluded from the analyses, contrary to what was found in our other series (Lawther et al., 1973 and in preparation; Lord and Brooks, 1977) . In this present series fewer sets of signals were examined and the lack of a significant trend may be due to this.
In all our studies the first reading of R.w within a set has been found to be high, and therefore it should be used with caution since it is not clear what is the significance of this anomaly.
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